Abstract. This article develops models to formulate the optimal density of retail establishments by considering interactions between logistics cost and consumer demand. Commodities are assumed to be distributed from a depot directly or through single intermediate terminal to many retail establishments. Average logistic cost per item, consumer demand, and the interrelationship between them are analyzed. The optimal density of retail establishments and local terminals are determined by minimizing average logistic cost, or maximizing total supply subject to the demand-supply equality. The envelope curves for the optimal configuration strategies corresponding to different values of total market area and terminal cost are derived.
Introduction
In order to achieve cost minimization or large sales, suppliers need to know how to determine the density of retail establishments and the number of intermediate terminals that should be set up in a given region so as to distribute and sell commodities. The commodities are usually assumed to be distributed from a depot directly or through one intermediate, local terminal to many retail establishments. Such physical distribution systems have long been recognized as one-to-many distribution problems and have been extensively investigated in
The authors would like to thank the National Science Council of the Republic of China for financially supporting this research under Contract No. NSC 84-2211-E-009-028. The constructive comments of the anonymous referees and the editor are greatly appreciated. many studies (e.g., Blumenfeld et al. 1985; Burns et al. 1985; Campbell 1993; Daganzo 1991; Daganzo and Newell 1986; Hall 1987) . However, most of the literature assumed inelastic demand at fixed locations and focused on operating issues such as scheduling, routing, and configuration of physical distribution. In these studies, demand-supply interaction was investigated only at the terminal level (e.g., Hall 1987; Daganzo and Newell 1986; Campbell 1993) but not down at the retail-establishment level where consumers' demands actually occur. On the other hand, the density of retail or public establishments has been discussed by market area literature, but most of studies focused on the trade-off between consumer access time and supplier efficiency (e.g., Stephan 1988; Hsu and Chen 1994) . Supplier logistic costs in these studies are usually ignored, or considered not to be an issue, and demand-supply interaction is investigated only at the retail-establishment level.
The present article is an attempt to fill the indicated gaps above. Models for estimating the optimal density of retail establishments and the number of terminals are developed in this article by addressing both physical distribution and market area problems. Instead of assuming inelastic demand at fixed locations, this article considers demand-supply interactions and assumes the density of establishments is endogenous. These interactions and trade-off existing in the ways listed below, need to be further considered and incorporated into the modeling process. (a) Consumer shopping demand for items in retail establishments usually depends on the access time to the establishment, unit price, and total supply of items at the retail establishment. The density of retail establishment represents the number of establishments per unit area. Other things being equal, increased scale economies imply a few large retail establishments and higher access time for customers. The density of retail establishment affects both the total supply of items at each establishment and average access distance to this establishment. That is, the larger size but more scattered establishment setting leads to larger market areas and longer access distances. (b) Logistics costs include transportation and inventory cost. The total transportation distance increases with the density of retail establishments providing other conditions do not change (Eilon et al. 1971; Larson and Odoni 1981) .
Holding the shipment size constant, the shipping frequency also increases with the density of retail establishments. The average transportation cost depends on the transportation distance, shipping frequency, and unit-distance transportation cost, so it will increase with the density of retail establishments. On the other hand, the average inventory cost depends on the average headway, which is the inverse of shipping frequency, so it will decrease with the density of retail establishments. The density of retail establishments plays an important role in the trade-off between average transportation and average inventory cost. Average logistic cost appears as a part of item price, which will consequently affect consumer demand. (c) Terminal costs are required for terminal shipping and increase with the number of terminals. For terminal shipping, the retail-establishment density af-fects the average local transportation cost directly and the average terminal cost indirectly. On the other hand, the number of terminals affects directly both line-haul transportation cost and terminal cost. There are trade-offs among line-haul transportation cost, local transportation cost, terminal cost and inventory cost for terminal shipping. The retail establishment density is related to the interaction between consumer demand and establishment supply and the trade-off among different cost components of the average logistic cost for terminal shipping.
This article follows the distribution environment and the approximate analytic models found in previous studies Burns et al. 1985; Campbell 1993; Daganzo 1991; Daganzo and Newell 1986) , so the following assumptions are made:
(a) Items are cheap (vehicle operating and depreciation cost per unit item is large compared with the inventory cost per unit time of a full vehicle load) and homogeneous. (b) Items are demanded and produced at a constant rate. (c) The density of retail establishments varies slowly across the service region or the market area.
Approximate analytic models are most useful to determine the features of optimum distribution system, not to specify exact facility locations and vehicle routes (Campbell 1993 ). These models have been extensively found in logistics literature (e.g., Burns et al. 1985; Campbell 1990; Campbell 1993; Daganzo 1984; Daganzo 1991; Daganzo and Newell 1986; Eilon et al. 1971) . Average logistics cost per item and consumer demand are formulated in this article by using continuous space modeling. In practical applications it is often more convenient to work with a continuous approximation. Continuous functions are easier to manipulate, and when embedded as a part of more complicated problems, they often lead to simple calculus solutions (Daganzo 1991) . Section 2 will formulate the average logistic cost for both direct and terminal shipping. Consumer demand and nonlinear programming problems are formulated in Sect. 3 to determine the optimal density of retail establishments with two different objectives, i.e., minimizing the average logistic cost and maximizing total supply subject to the demand-supply equality. In Sect. 4, numerical experiments are performed to illustrate the effect of the optimal solution to changes in parameters. Finally, Sect. 5 summarizes the article and presents the conclusion.
Logistics cost
There are two types of physical distribution processes discussed in this article. One is distribution of commodities from a depot directly to many retail establishments; the other is distribution of them through one intermediate, local terminal. The former is direct shipment while the latter is terminal shipment. The depot is assumed to be in the market area, but not located at the center of any subregions served by each terminal in the article. There was only one type of distribution process used for terminal shipment. That is, commodities are assumed to be distributed merely from the terminal but not the depot for terminal shipment.
The logistics cost for direct shipment
Logistic costs for direct shipment include transportation and inventory costs. As we are interested in the relationships among average logistic cost, consumer demand, and retail establishment density, for direct shipping, we formulate the average transportation and inventory costs per item as functions of retail establishment density. The total transportation distance with direct shipping, L, was found by Eilon et al. (1971) to be K 0 (MN ) 1/2 , where M is the total market area, N is the total number of retail establishments, and K 0 is a constant that can be assumed to be 0.75. Since λ = N /M , where λ is the retail establishment density, therefore L = K 0 M λ 1/2 . Assume vehicles are filled to capacity to minimize cost, the direct shipping frequency, 
and the average transportation cost per item for direct shipping, ATC D , is then:
Equation (2) Inventory costs arise in the depot for shipping or the retail establishment for consuming as "stationary inventory", and in vehicles, as "in-transit inventory". The stationary inventory cost per item is usually formulated as a function of the headway for direct shipment vehicles, T D . Since the direct shipping frequency,
Assume in-transit inventory cost is negligible because items are cheap and in-transit time is short. Then if delays at depot for shipping and delays at retail establishment for consumption are considered, that is the total inventory time is the headway T D , then average inventory cost per item for direct shipping, AIC D , is:
where P is the production cost per item, and R is inventory carrying rate. Combining equations (2) and (3) yields the average logistic cost per item for direct shipping, ALC D :
The logistics cost for terminal shipment
Differing in only one process involved in direct shipping, terminal shipping involves three processes, so logistics costs can be broken down into the following components: the line-haul transportation cost of shipping commodities from the depot to the terminal, the local transportation cost of shipping commodities from the terminal to retail establishments, the handling cost of transshipment terminals, and the inventory cost.
The line-haul transportation cost
The line-haul transportation cost depends on the shipping frequency, the unit distance transportation cost, and line-haul transportation distance. Many studies have assumed that line-haul vehicles made only one single stop in each delivery tour (e.g., Daganzo and Newell 1986; Campbell 1990) . Following this assumption, the average line-haul distance, D T , was formulated by Eilon et al. (1971) as
, where M is the total market area of the study, and parameter K 0 as defined by Larson and Odoni (1981) could be assumed to be 0.75 (Campbell 1993) . The line-haul shipping frequency, f 1 , can be obtained by dividing the total number of items to be shipped from the depot to the terminal over the study period, Q 1 , by the total shipment capacity of the line-haul fleet, S 1 . That is
Assume the unit distance transportation cost of the line-haul fleet, α 1 , is a linear function of S 1 :
where a 1 and b 1 are constants for the line-haul fleet; the total line-haul transportation cost to each terminal, TTC L , is then:
and the average line-haul transportation cost per item, ATC L , is:
where Q T is the number of items served by each terminal. Let N denote the number of transhipment terminals, then Q 1 /Q T = N .
The local transportation cost
The process of shipping commodities from the transportation terminal to many retail establishments is similar to that of direct shipping, except that the origin of the latter is the depot rather than the terminal. Following the formulation of total transportation cost for direct shipping, TTC D , in equation (1), the total local transportation cost for each terminal, TTC local , is then:
and the average local transportation cost per item for each terminal, ATC local , is:
where the average market area served by each transhipment terminal, m 1 , the total shipment capacity of local vehicle fleet, S 2 , and the unit distance transportation cost of the local fleet,
respectively, in equations (1) and (2). Similarly, S 2 is the total shipment capacity of the local vehicle fleet, a 2 and b 2 are constants for the local fleet.
The inventory cost of terminal shipment
Based on the formulation of Daganzo (1988) , we define the inventory cost per item delivered for terminal shipping, AIC T , as:
where P is the average production cost per item, R is inventory carrying rate, T 1 is the headway for line-haul vehicles arriving at the terminal, and T 2 is the headway for local vehicles departing from the terminal. Following the definition of f 1 and f 2 , we can write:
The formulation of equation (10) also ignores the in-transit inventory cost by assuming that items are cheap and in-transit time is short. The inventory cost depends on the headway as shown in equation (10), and the average waiting time is max{T 1 , T 2 } because of assumed coordination at the terminal (Daganzo 1988) . Coordinating schedules can reduce the wait, and thus the inventory cost. It was also noted in Daganzo (1988) , that there were three cases: T 1 > T 2 , T 1 < T 2 and T 1 = T 2 when schedules were coordinated. If the headway for linehaul vehicle is larger than that for local vehicle, i.e., T 1 > T 2 , then operators can reduce inventory costs by increasing local shipment size, thereby yielding smaller shipping frequencies and larger headways for local vehicles. On the other hand, if the headway for line-haul vehicles is smaller than that for local vehicles, i.e., T 1 < T 2 , then operators can enlarge line-haul shipment sizes, thereby reducing the line-haul shipping frequency and expanding headway for line-haul vehicles. Only when operators distribute with equal local and line-haul headways (T 1 = T 2 ), is there no room for further improving inventory costs by adjusting line-haul or local shipping schedules. We assume that in the long-term, an optimal operating condition exists for terminal shipping, so only will the case in which T 1 = T 2 be formulated in the model.
The terminal cost
In addition to transportation and inventory costs, there are terminal costs for distribution with transshipments. The terminal cost includes both fixed costs and variable costs. The fixed terminal cost per item is then f /Q T , where f is fixed cost per terminal and Q T = λm 1 q S is the average total number of items served by each terminal. The variable cost for handling items is the same for all item since items are homogeneous and all items pass through one terminal. Define va as variable handling cost per item at the terminal, then:
where T is the terminal cost per item.
The logistics cost of terminal shipment
From equations (7), (9), (10) and (13), the average logistic cost per item for terminal shipment, ALC T , i.e., the sum of the transportation, inventory and terminal costs per item can now be written as:
Using Laporte's notation (Laporte 1988) , equation (14) formulates the logistic cost for the 3/R/T situation, where the 3 indicates there are three facility layers (an origin, transshipment terminals, and destinations), the R indicates that linehaul vehicles make single-stop return trips, and the T indicates that local vehicles can operate on multi-stop peddling tours. Origin and destinations in this article are a depot and many retail establishments. Shipping schedules for line-haul and local vehicles in this article are assumed to be coordinated and equivalent so as to minimize inventory costs.
Consumers' demand and formulation of the optimization problem
In previous theoretical models, the level of consumer demand for shopping at a retail establishment was assumed to be a function of access time, the price level, and establishment size (Oppenheim 1990; Hsu and Chen 1994) . The average demand level per consumer for the items in an establishment is assumed to be a gravity type function, that is A = Kq
, where A is the average demand level per customer, q s is the average number of items supplied by each retail establishment, PRICE is the unit item price, d e is the average customers' access distance to the establishment, v is the average travel speed of the customer, and K is a constant. Parameters σ, ε, and b represent, respectively, customers' sensitivity to the number of items supplied by the establishment, the item price, and access time. The values of these parameters would normally be positive. Based on this formulation, the customers' demand level within the market boundary falls as time needed to reach an establishment increases. Then the average total demand of all customers within the market boundary of a retail establishment, q D , can then be obtained from the formulation by Hsu and Chen (1994) and rewritten as:
where POP is the average population density, d o is one half the diagonal length of the market boundary, d 0 = (2λ) −1/2 , and b / √ 2 = b. Assume q D is the average demand for a retail establishment, then the total demand over the entire market area Q D , is the summation of demands on all retail establishments in this area. That is:
In this article, we assume suppliers may aim to minimize the average logistics cost or maximize the total supply when planning the density and market area for retail establishments and transshipment terminals. The objective of minimizing average logistics cost is found in most physical distribution literature no matter whether the process is direct or terminal shipping (e.g., Blumenfeld et al. 1985; Burns et al. 1985; Campbell 1993; Daganzo and Newell 1986) . On the other hand, suppliers may aim to maximize the total supply, when initially setting up retail establishments so as to obtain as large a market share as possible. Nonlinear programming problems are formulated according to these two objectives subject to the demand-supply equality so as to determine the density of retail establishments and the number of terminals.
From equations (14) and (15), the nonlinear programming problems for minimizing the average logistics cost for terminal shipment are as follows:
To maximize the total supply for terminal shipment, only the objective of Min ALC T need be replaced by the objective of Max Q D = M λq S in the above formulation, while other constraints can be kept the same. The decision variables for two problems are retail establishment density, λ, the shipment capacity of the line-haul fleet, S 1 , and the shipment capacity of the local fleet, S 2 . Constraint (17-b) represents the assumption of equality between the number of items supplied by each retail establishment and the total demand within the market area of the establishment. Constraint (17-c) defines the price per item as the sum of the average production cost per item, P , and the average logistics cost per item for terminal shipment, ALC T . The constraint of T 1 = T 2 in equation (17-d) represents the optimal coordinated schedules for local vehicles and line-haul vehicles of terminal shipment as explained before. Because of this constraint, the shipment capacity of the local fleet, S 2 , would be equal to the shipment capacity of the line-haul fleet, S 1 , divided by the number of transshipment terminals, N (i.e.,
The optimal number of transshipment terminals, N , is determined by searching for the best objective value obtained from among a variety of experiments which apply different numbers of terminal to the problem under exactly the same conditions. For direct shipment, from equations (4) and (15), the formulation of the nonlinear programming problem to minimize the average logistics cost is:
Similarly, without changing any constraints, the objective of Max Q D = M λq S should be substituted for the objective of Min ALC D in the above problem formulation for maximizing total supply for direct shipment. The decision variables for two problems are retail establishment density and fleet shipment capacity. Constraints (18-b) and (18-c) represent demand-supply equality, and item pricing as in the problem formulated for terminal shipment.
In one to many distribution problems, the tradeoffs between transportation and inventory cost components for direct shipment, or the tradeoffs between the transportation, inventory, and terminal cost components for terminal shipment usually determine the optimal values for the shipment size and frequency, the number of terminals, and the distribution cost (e.g., Blumenfeld et al. 1985; Burns et al. 1985; Campbell 1993; Daganzo and Newell 1986) . However, in addition to these trade-offs, retail establishment density as well as consumer demand will play important roles in the long run by interacting with these trade-offs in helping to decide on the optimal objective values and distribution strategies. The mathematical problems in this article were formulated to attempt incorporation of these considerations. Therefore, retail establishment density is endogenous in our model, since it affects the tradeoff between different cost components of the average logistics cost, which is part of the item price (equations (17-c) and (18-c)), and influences the extent of the average consumer access distance, and the demand (or supply) at a retail establishment (equations (17-b) and (18-b)) as shown in the problems formulated above.
Numerical example and sensitivity analysis
The nonlinear optimization models formulated in the section above may be solved by means of a variety of algorithms. We solved the formulated problem using GINO, a computer modeling program developed by Liebman et al.(1986) , and based on a generalized reduced gradient algorithm. This section presents a hypothetical example using a set of parameter values chosen from Campbell (1993) and Hsu and Chen (1994) . This set of parameter values shown in Table 1 , is also used as the basis for conducting a series of numerical experiments to observe the sensitivity of optimal solutions to changes in parameters.
A total study period of three months is assumed in this example. An inventory carrying rate of 0.1 (1/3 months) for terminal shipment is assumed doubling that of 0.05 (1/3 months) for direct shipment to reasonably account for extra costs which may result from the transshipment process in the real world. This extra cost may arise for terminal shipment due to high damage rates during loading and unloading and/or extra waiting for badly coordinated schedules at transshipment terminals. The unit distance transportation cost for direct shipment is to be assumed the same as that for line-haul transportation of terminal shipment. Both utilize high capacity vehicles to carry large shipment size. Therefore, it is also assumed that local infrastructure constraints do not prevent large vehicles from delivering to retail establishments. The model results are intended to minimize average logistics cost and maximize total supply, and are listed in Tables 2 and  3 . The minimum average logistics cost is usually achieved by using the well know economic order quantity (EOQ) principle of calculating the optimum shipping strategy while assuming demand is inelastic. A worthwhile analysis would be to make comparisons to results based on the developed models in this article and those based on EOQ principle with inelastic demand. for terminal shipment, where EOQ principle is applied only on local shipping process. The average logistics costs of the developed models are shown to be lower than those of EOQ models for both direct and terminal shipments. This result implies that the average logistics cost can be reduced if suppliers set up both the optimum retail establishment density and the optimum shipment size by anticipating elastic consumer demand rather than apply merely the optimum shipment size strategy given by a range of retail establishment density values and without the consideration of demandsupply interaction. Restated, the average logistics cost can be reduced if EOQ principle is extended by considering elastic demand.
Sensitivity analysis of minimizing the average logistics cost
As we were interested in understanding how optimal solutions are affected by changes in model parameters such as total market area, M , fixed terminal cost, f , and average travel speed of consumer, v, a series of numerical experiments were conducted in which the value of one or several parameters were varied, while the others were held constant.
Variations in the size of total market area
Suppliers may need to decide on the density of retail establishments and the number of transshipment terminals so as to distribute and sell items in market areas of different sizes. The average logistics cost initially decreases and then increases with increasing total market area, as shown in Fig. 1a , for a variety of curves standing for different numbers of terminals. The lowest point (cost) of any curve, which stands for a certain number of terminals, indicates the optimal market area that can be served by these terminals. The optimal market area expands with an increase in the number of terminals. In other words, the optimal number of terminals should be set to increase as the size of total market area increases. The envelope curve can be plotted along the lowest points of these curves, which shows the optimal number of terminals required for a variety of market areas of different sizes. The retail establishment density decreases with increasing total market area as shown in Fig. 1b . This result implies that suppliers may set up fewer but larger retail establishments so as to realize economies of scale in larger market areas. In addition, retail establishment density is higher in market areas with the same size but more terminals because as the number of transshipment terminals increases, suppliers may increase the number of retail establishments so as to reduce the average access distance for consumers, thus stimulating demand and maintaining the economical size served by each terminal.
The average logistics cost of direct shipment increases with total market area. With an increase in total market area, the average logistics cost of direct shipment is initially lower than that of terminal shipment and then grows, as illustrated by a comparison of the curves in Fig. 1a . The critical point of market area, as indicated in Fig. 1a , is where for suppliers to decide whether to distribute a commodity through one terminal or directly to a retail establishment. The entire envelope curve can be plotted along this point and the lowest points of all curves. For terminal shipment, the optimal number of shipment terminals for any specific market area can also be found along this envelope.
Variations in fixed terminal cost
Terminal cost plays an important role in deciding whether to use direct or terminal shipment. It is shown in Fig. 2a that raising the fixed terminal cost has the effect of increasing the average logistics cost for terminal shipment, and the extent of this depends on the number of terminals set up. That is a lesser extent for a smaller number of terminals. The entire envelope curve can be plotted along the lowest points of all curves, which shows the optimal shipment type and terminal number corresponding to different fixed terminal cost. As shown in Fig. 2b , retail establishment density should increase with the raising of fixed terminal cost so as to reduce access distance and stimulate demand to share the rising terminal cost and yield economies of scale for transshipment terminals.
Variations in average travel speed
An increase in average travel speed may result from the improvement of transportation technology used by consumers. Improvements may result from using automobiles rather than walking or riding buses for shopping. As the average travel speed of consumers increases, the optimal size of retail establishments increases but their density declines as shown in Fig. 3b . It is shown in Fig. 3a that with improved average travel speed, the average logistics cost is reduced. In other words, improvements in transportation technology increase the size and market area of retail establishments, which permits suppliers to obtain scale efficiencies, and consumers to share in the surplus created by those efficiencies. 
Sensitivity analysis of maximizing the total supply
One numerical experiment on variations in the size of total market area was conducted to compare and observe the behavior of the model with different objective functions, i.e., maximizing total supply. As the total market area increases, the total supply increases as shown in Fig. 4a , while the optimal density of retail establishments declines as shown in Fig. 4b . The extent of these changes both depend on the number of terminals set up. Individual curves are plotted for different market areas of various sizes, as shown in Figs. 5a-e, to determine the optimal number of terminals, respectively, for these market areas. Similarly, the Fig. 5f , which shows the optimal number of terminals suitable for a variety of market areas, can be plotted along the highest points of these individual curves. The optimal number of terminals for any market area is shown to be higher if suppliers aim to maximize total supply as compared with aiming to minimize the average logistics cost as shown in Fig. 1a . This implies that suppliers may not necessarily realize minimized logistics cost by expanding their total supply up to the maximum. Fig. 5a-c. Fig. 5d-f . Total supply vs. terminal number. f Optimal terminal number vs. market area (envelope curve)
Summary and conclusions
The article develops analytical models to investigate the optimal density of retail establishments and the optimal number of transshipment terminals which suppliers ought to set up in a region so as to minimize average logistics cost or maximize total supply. The models are developed in such a way that both physical distribution and market area problems are addressed. The commodities are assumed to be distributed from a depot directly or through one intermediate terminal to many retail establishments. In such a distribution system, average logistics cost per item is formulated by combining the transportation and inventory cost components for direct shipment and combining the line-haul transportation, the local transportation, inventory and terminal cost components for terminal shipment. For terminal shipment, schedules for line-haul vehicles and schedules for local vehicles are assumed to be coordinated.
Instead of assuming inelastic demand and fixed demand locations as in most physical distribution literature, this article considers demand-supply interactions and assumes the density of establishments to be endogenous. Consumers' demand is formulated as a function of retail establishment supply, access distance, item price, and population density. Since average logistics cost is also a function of retail establishment supply and density, and a component of item price, therefore demand-supply interactions would occur. Both average logistics cost and consumers' demand are formulated approximately by using continuous-space modeling. Nonlinear programming problems are formulated for two different objectives, i.e., minimizing average logistic cost and maximizing total supply subject to the demand-supply equality so as to determine the optimal density of retail establishment and the optimal number of terminals.
The model provides the basis for performing numerical analyses to determine the sensitivity of the optimal solution to changes in model parameters. The envelope curves for deciding a variety of optimal configuration strategies corresponding to different values of total market area, fixed terminal cost, and average travel speed of consumers are plotted. Critical values for deciding whether to distribute a commodity through one terminal or directly to retail establishments could also be identified. Apart from the results of most physical distribution studies, which focused only on operating issues, the results of this article provide insights into demand-supply interactions when suppliers plan the density of retail establishments and terminals as strategic issues.
The transportation distances in our model are approximated using the formulas in Larson and Odoni (1981) and Daganzo (1984) . These formulas are accurate when the density of retail establishments varies slowly over the market area. The retail establishment density may vary over the market area, but should not vary much over the area served by each terminal. The assumption makes the model developed in this article applicable merely for urban areas, where population density varies slowly.
The model developed in this article is the approximate analytic model. Thus, locations of the depot, terminals and retail establishments are not represented.
However, the total transportation distance varies with changes in the number of terminals and the density of retail establishments for the same market area. The average total logistics costs are shown to be sensitive to these variations. These results partially agree with the findings of McCann (1996) , which show the variation of total logistics costs with distance, rather than simply that of transportation costs. However, items shipped in the article are assumed cheap and in-transit inventory costs are ignored while terminal costs are assumed to be independent of locations. Future studies could further consider site-location dependent costs such as land and labor costs and formulate inventory costs for high-value items. The model is suitable for analyzing retail establishments distributed with population settlement such as convenience stores and supermarkets. These type of retail establishments are not tend to cluster. For those tend to cluster, e.g. the garment industry, further studies are required to analyze the agglomeration economies and economies of scale in the production of such industry or service.
